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ABSTRACT 
Sodium  erucate  reacts  progressively (i.e., once  the  reaction  is  started  in  a  time 
which is so short that the lysin is in contact with the red cells for 30 seconds, it can- 
not be stopped even by being diluted  10-fold)  with human red cells at pH 7.  At the 
same time, systems containing the lysin and human red cells show a zone phenomenon, 
lysis occurring  most readily  in  a  certain  concentration  of lysin  but  more slowly in 
larger or smaller concentrations.  Sodium emcate-I  m  can be used to investigate both 
the zone phenomenon and  the progressive character of the reaction. As regards  the 
former,  large  concentrations  of  the  lysin  react  rdatively  poorly  with  the  red  cell 
surfaces and the resistance of the red cells is relatively high. This may be due to the 
presence of an admixed inhibitor or to the development of an inhibitory  state. The 
lysin is taken up and fixed by material in the red cell surface, so that the "internal 
phase" of lysin attached  to the cell surfaces is so firmly fixed that a  10-fold dilution 
has no effect on it. It follows that lysis in these systems is progressive, as it is found 
to be. 
Sodium  emcate,  the  sodium  salt  of  the  unsaturated  fatty acid,  erucic  acid 
(CHs(CH2)7.CH~---CH.(CH~)ll-COOH),  has  the  property  of  acting  as  a 
progressive  hemolysin  1 and  at  the  same  time of showing a  marked  zone phe- 
nomenon.  Since the acid  is unsaturated,  it is possible to make radioactive  so- 
dium erucate-I  TM  (Ponder and Ponder,  1957). This enables one to analyze both 
the  "tenacity"  with  which  the  lysin  is held  at  the  red  cell  surface  and  which 
results in the lytic reaction being progressive,  and also the nature  of the  zone 
phenomenon. 
Technique 
As in the case of the investigation of Na oleate-I  m, two preparations of the lysin 
are required,  Na erucate and Na emc~te-I  TM. The first is made by adding  5  ml. of 
* This investigation was carried out under a grant, tt 1598, from the United  States 
Public Health Service. We take pleasure in thanking Dr. Leo Shedlovsky for supply- 
ing the erncic acid. 
1 A progressive hemolytic reaction  is one which,  once started,  cannot be stopped, 
although  it may be slowed,  by dilution,  addition  of inhibitors,  etc. 
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~/10 NaOH to 0.196 ml. of erucic  acid and then diluting with a  phosphate buffer 
(pH 7) to ~/50. The second is made by adding 0.1 I  TM to 25 ml. of ether, then a drop 
of concentrated HNOs, and then 0.196 ml. of erucic acid.  After 12 hours the ether 
layer is washed 4 times with 10 per cent Na2S203, then 4 times with 10 per cent KI, 
and then twice with water (I-Ioffman, 1953). The ether is dried off, and 5 ml. of x~/50 
NaOH is added to the material which  remains. Dilution to 50 hal., about 10 ml. of 
phosphate buffer being added, gives ~r/50 Na erucate-1131 at pH 7. 
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FIG. 1. Left ordinate, dilution or concentration of lysin in system. Right ordinate 
percentage uptake of lysin at the red cell surfaces  (see Table I). Abscissa,  time for 
complete hemolysis in minutes. The dotted extension  of the curve to the origin,  to- 
gether  with  the  upper  branch  of  the  experimental curve, indicates the probable 
"generating"  time-dilution  curve.  R  values  are  entered  against  the  three  experi- 
mental points  on  the  lower branch  of  the  time-dilution curve.  It is  assumed  that 
R  =  1.0 for the points on the upper branch of the time-dilution curve. 
RESULTS 
1.  The Zone  Phenomenon.--Fig.  1  shows a  typical time-dilution  curve ob- 
tained  at 25°C. and with human red cells, either with Na erucate or with Na 
erucate-I  TM.  There  is  a  minimum for complete lysis at  about  ~ =  400,  lysis 
taking longer when  the dilution  is greater or less. 
If the quantity  of lysin taken up at the  red cell surfaces is plotted against 
the  concentration  of Na erucate-I  TM  present  in  the  system initially,  a  result 
similar to that found with Na oleate--1  TM is obtained; i.e., the quantity of lysin 
taken up is an approximately parabolic function of  the quantity of lysin ini- 
tially present.  The important point,  however,  is how the  fractional quantity 
taken up varies with the lysin initially present in the system. This is found by 
adding  0.2  ml.  of  thrice  washed  red  cells  (volume concentration  0.1)  to  0.8 
ml. of Na erucate-1  TM diluted in powers of 2. As controls, 0.9 ml. of the lysin, 
diluted by powers of 2, are set up; these tubes receive no red cells. After 2 rain- ERIC  PONDER  AND  RUTH  V.  PONDER  653 
utes, the radioactivity of 0.5 ml. of the supernatant fluids  s of the systems con- 
taining the red cells and lysin is counted with a scintillation counter and com- 
pared with the radioactivity of 0.5  ml. of the appropriate cell-free control. The 
difference in the  counts, minus background, measures the fractional amount 
of the lysin in the system under consideration which has been taken up at the 
red cell surfaces. 
Table I  shows the result. Call the fractional amount taken up f. Note that f 
rises from 0.187 when the concentration of lysin in the system is 31.3 rag./0.8 
ml. to 0.34 when the concentration of lysin in the system is 0.95  rag./0.8 ml. 
The red ceils of a  system containing 31,3  rag./0.8 ml. accordingly fix 0.185/ 
0.34,  or 0.55  times the lysin fixed by the red cells in a system containing ~2 
of the amount of lysin. This alone would tend to reduce the activity of the lysin 
in  systems containing concentrated lysins; e.g.,  in the  system in which  the 
concentration of the lysin is as great as 31.3 mg./0.8 ml. 
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While the best way of interpreting "atypical" time dilution curves which 
present zones (as in the case of the curve in Fig. 1) has been under discussion 
at least since 1928, the most satisfactory hypothesis is that recently advanced 
(Ponder,  1955).  This supposes either that the lysin is accompanied by an in- 
hibitory  material  or  else  that  high  concentrations  of  lysin  are  associated 
with an increase in the resistance (R) of the cells. It is reasonable to suppose 
that the effect of this inhibitor or of the increase in R will be less when the lysin 
is dilute than when it is concentrated. Suppose that the lysin, in the absence of 
the  inhibitor  or of  an  increase in red cell  resistance when the concentration 
of the lysin is great, gives a smooth "generating" time-dilution curve such as 
that  in  Fig.  1  continued to  the  origin by the  dotted  line.  It is easy to see 
that the time taken for any dilution ~ of lysin to produce complete lysis in the 
presence of the inhibitory material or state will be the same as that taken by a 
dilution R. ~ in the absence of the inhibitory material or inhibitory state. This 
is  the  only part  of the  argument  required,  although  it  can  be  developed 
considerably (see Ponder, 1955). 
s It is necessary to use a fast centrifuge, such as one giving a centrifugal force of 
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The experimental data,  unlike what can be assumed in a  theoretical treat- 
ment,  does not provide a  smooth  "generating"  time-dilution curve, but the 
upper branch of the atypical curve in Fig. 1, together with its (dotted) exten- 
sion to the origin, can safely be taken as nearly the same as the generating time- 
dilution curve, particularly as R  is only 1.2 at ~ =  400. At higher values of 8, 
R  will tend more and more to approach unity. Substituting concentrations for 
dilutions, 
g-----  (ct'fl)/(c2"f~) 
ci being any point on the lower limb of the time-dilution  curve,  fl the corre- 
sponding percentage uptake by the red ceils  (shown on the ordinate at the 
fight),  while  c~  is  the concentration  of  lysin  on the  upper limb of  the time-dilu- 
tion  curve,  corresponding to  ci  so  far  as  the  time  for  complete hemolysis is  con- 
cerned, and f~ its percentage uptake.  The result of this analysis which, while 
approximate, is by no means speculative  , is shown by the values of R  entered 
against each experimental point on the lower limb of the curve in Fig. 1. The 
value of R  at c~ =  7.8 is only 1.2,  and this is nearly the minimum value. At 
c~ =  31.5, however, the value of R  is about 8.0; i.e.,  in concentrated systems 
of this lysin the amount of inhibitor, or the extent of the inhibitory state,  3 is 
large. 
g.  Uptake of Lysin at the Red Cell Surfaces.--The effect of a  10-fold dilution 
of a system containing Na erucate-113t  on the amount of lysin taken up at the 
red cell surfaces is found by making a  10-fold dilution both of any hemolytic 
system and  of its  corresponding cell-free control after the lysin has been in 
contact with the cells of the hemolytic system for 30 seconds. The tube con- 
taining the diluted lysin plus cells was centrifuged for about 1 minute at  2 X 
10' G so that the supernatant fluid could be removed from 2 to 3 minutes after 
the addition of the red cells.  Its radioactivity was compared with that of the 
fluid in the corresponding control. In all the systems, lysis was zero after the 2 
to  3  minute  interval,  although  complete hemolysis occurred after  10  to  20 
minutes in the hemolytic systems which had been diluted 10-fold, specifically 
in systems containing from 31.5 rag./0.8 ml. to 3.8 rag./0.8 ml. Na erucate-I  m 
before dilution. 
It has already been shown (Ponder and Ponder, 1957) that if the radioactivity 
of the supernatant fluid of the system of lysin plus red cells, diluted 1 in  10, 
is the same as that of the corresponding cell-free control, F  =  1.0; i.e., the "in- 
ternal phase" consisting of the lysin attached  to the red cell surface has not 
been diluted at all. Put otherwise, the lysin in this internal phase is firmly fixed, 
8  A complete coating of the red cell surface in the dilution  of lysin corresponding 
to the minimal value of t is one of the many inhibitory states which can be imagined. 
Lysin in excess of the amount required for this complete coating might be completely 
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and  the  "tenacity"  of the red  cell surface for the lysin is  1.0;  i.e.,  extremely 
great. In the systems containing Na erucate-1  ~81 and in concentrations  (before 
dilution)  from 31.5 rag./0.8  ml. to 3.8 mg./0.8 ml. F  was found to be between 
1.0 and  0.9.  From  this  it follows that  systems containing  this  lysin must be 
exceptionally progressive in these concentrations,  as they are found to be. 
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